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Purpose: improvement of biotechnological qualities of baker’s yeast promotes the intensification of
fermentation processes, semis maturation, and ultimately the improvement of the quality of final product.
Yeasts do not always satisfy the requirements. Therefore studies that are aimed at the intensification of
fermentative activity and improvement of the quality of yeasts are interest. The problem of examination of
stimulating effect of substances from different nature and origin on the growth and quality of yeasts is not
new. One of the methods of intensification of the technological process of yeast production is selection of
culture medium by replacement of mineral source of nitrogen with plant-based source. In our opinion, it is
suitable to use for this purpose. Methods: in this study, we examined the ability of yeast cells to utilize
organic nitrogen from a plant-based source of protein such as alfalfa granules. The use of this method
allowed us to carve out the optimal components of the nutrient medium, which has provided the yeast with
improved quality indicators. Results: we examined the effect of alfalfa as a source of nitrogen on the vital
activity of yeast S. cerevisiae. Discussion: Alfalfa granules can be used in a cultural medium for barm yeast

cultivation on a production scale.
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1. Introduction

Baker’s yeast is used in various areas of industry:
food industry (including bread baking), medical and
microbiological industries. It is also used in
confectionery, canning and other manufactures [1].

Yeast is cultivated on sugar-containing
environments with provision of nitrogenic and
phosphoric nutrition in the presence of dissolved
oxygen. Saccharamyces cerevisiae yeast digests
only two forms of nitrogen: ammonium salts and
organic  compounds. These  microorganisms
effectively utilize ammonium sulfate, carbamide,
ammonia salts of acetic, lactic, malic and succinic
acid, metal ammine complexes, amino acids,
heterocyclic compounds. For yeasts, ammonia salts
are only a source of nitrogen, but when nitrogen is
used, acids that change pH of the solution are freed.
Nitrogen from ammonia is utilized by yeasts better
than other amino acids [2].

Amino acids are simultaneously a source of
nitrogen and carbon, wherein the latter is assimilated
from keto acids that are formed as a result of amino
groups splitting off. Direct assimilation of amino
acids from culture medium that contains full set of
amino acids and any carbohydrates that are
fermented is also possible. Because of the
assimilation of amino acids, protein synthesis is
provided, including enzymes that accelerate the
process of yeast cells budding. As a result, the sugar
intake of the medium for the nutrition of the yeast
are lowered.

To expense organic nitrogen (amino acids,
amides) many yeasts require vitamins (biotin,
panthothenic acid, thiamine, pyridoxine etc.). Yeasts
do not utilize such nitrogen compounds as proteins,
betaine, choline, purines, amines and ethyl-,
propylamine [2].

Peptides occupy middle position between amino
acids and proteins. Yeast consumption of peptides is
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lowered with the increase of their complexity. Some
amount of peptides in the medium close to other
forms of nitrogen contributes to the amino acid
utilization. Carbamide, which is utilized by the
yeasts without formation of acid radical and altering
of pH of the solution, is considered to be the best
source of nitrogen nutrition.

2. Analysis of recent research and publications,
problem statement

Essential disadvantage of mineral sources of
nitrogen is that they have a certain class of danger,
therefore storage of such materials is problematic
and to a certain extent threatens environmental
friendliness of the enterprise. This problem creates
interest that causes the search for other sources of
nitrogen nutrition of yeasts, that have ecological
significance for the enterprise [5].

Alfalfa is a valuable high protein perennial
fodder crop, which is widely used in fodder
production in many countries. It occupies the first
place from fodder crops by the value of forage mass:
100 kg of hay contains up to 14 kg digestible protein
[3,4]. Moreover, alfalfa is rich in vitamins and
mineral substances (vitamins A, D, E, K, C, By, B,,
Bg, niacin, panthothenic acid, inositol, biotin and

folic acid; minerals: phosphorus, calcium,
potassium, sodium, chlorine, sulfur, magnesium,
copper, manganese, iron, cobalt,  boron,

molybdenum; microelements: nickel, lead, strontium
and palladium) [6-10].

3. Purpose of the study

The purpose of the study was the examination of
effect of features of the yeast metabolism in the
conditions of bringing in additional nitrogen
nutrition on the indicators of yeast’s vital activity.

The first stage of the experiment was the
selection of clear culture of the yeast for
subculturing onto a liquid culture medium for
gradual accumulation. 0.1 g of baker’s pressed yeast
was sterilely brought in to two test-tubes containing
10 cm’ of malt wort with 8-10% concentration of
dry substances and was cultivated in a thermostat at
28°C temperature during 48 hours. After that the
obtained cultural liquid was transferred from each
test-tube into a flask with 200 cm® of sterile malt
wort.

One of the flasks was used as control and mineral
salts of ammonium and phosphorus were
additionally put into it (10% of the volume of the

culture medium). Granules of alfalfa as a source of
nitrogen in terms of the necessary amount for
optimal growth of the yeast were put into the other
flask. Both flasks were put in a thermostat at 28 °C
for 72 hours.

Every 6 hours samples for the determination
of the indicators of yeast’s vital activity were taken,
specifically:

- pH;

- Titratable acidity;
- Cell count;

- Glycogen content;
- Dead cell count.

Cell  counting was done  using
hemocytometer with standard method and was
calculated by the following formula:

?=(wa 400%)100 (1)

C

Indicators of active acidity were measured using a
pH-meter. Values of titratable acidity were measured
using titration cultural liquid with 0,In NaOH
solution in the presence of indicator phenolphthalein
and volume of sodium hydroxide, that was spent on
neutralization of present acids in the studied liquid,
was recorded. Determination of dead cell count and
glycogen content was done using microscopic
method. A drop of cultural liquid was put on a
microscope slide and a drop of methylene blue dye
was added to count dead cells. Drops were mixed
and held for 2-3 minutes, then were covered with
cover glass and microscoped with x400
magnification.

Initially all cells were counted, then only dyed
(dead) cells. Counting was conducted in five
different microscopic field and dead cell count was
calculated as a percentage.

Glycogen is a storing nutritional substance which
appears in yeast after the moment of fermentation of
2/3 of sugars in wort. A drop of unfiltered yeast and
2-3 drops of 0.5% iodine solution were put on a
microscope slide to determine glycogen. Drops are
mixed, covered with cover glass, excess liquid is
removed using filter paper. After 2-3 minutes,
cytoplasm of yeast cells is dyed in light yellow color
and glycogen granules are dyed in brick-red. In
normal yeast glycogen takes from 1/3 to 2/3 of cell
volume. If glycogen takes less than 1/4 of cell
volume, its amout is considered insufficient. Young
yeast is dyed in light yellow color by iodine.
Glycogen is absent in old or hungry cells.
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4. Results and discussion. higher than in standard cultural medium by 11.7%

and 12.2% respectively. It can be related to the fact
It was shown that cell count grows in the culture that the chemical composition of alfalfa contains a
medium that contains alfalfa compared to control significant amount of substances which are
(Fig. 1). Cell count in 1 cm® was 102.3 mIn at 48 necessary for yeast growth and reproduction, and
hours, and 151.4 mln of cells at 72 hours, which is  contributes to their rational digestion.
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After determining acidity indicators for both Therefore, it shows that the medium containing
cultural mediums a conclusion can be made that alfalfa does not impair growth and development
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Polysaccharide content, specifically glycogen is
determined with a goal of evaluation of effect of
substratum on formation of reserve substances in the
cells of the microorganisms in the obtained biomass.

It was shown that the yeast Saccharomyces
cerevisiae which was cultured in the medium with
alfalfa had more glycogen at days 2 and 3 than the
yeast that was cultured in a conventional cultural
medium (Fig. 3). Intensity of coloration that
corresponds to reserve carbohydrate content is
shown on the pictures below.

At the 48" hour of cultivation (Fig. 3 a, b) both
samples have shown sufficient for matured yeast
glycogen content, but at the 72" hour carbohydrate
content in yeast in the control was significantly

a) Yeast cells with reaction for glycogen, 48 hours
(control)

glycogen, 72 hours (control)

lowered on account of it’s utilization at a deficit of
carbon in the cultural medium. On the contrary,
glycogen content in the medium containing alfalfa
remained unaltered.

From the obtained data an assumption can be
made which points out that alfalfa contributes to
reserve carbohydrate accumulation, because of the
fact that in protein decomposition amino acids are
formed, which in turn are decomposed to amino and
carbon acids, so an additional nutritional source for
yeast cells emerges.

#

- ol
b) Yeast cells with reaction for glycogen, 48 hours
(experiment)

b) Yeast cells with reaction for glycogen, 72 hours
(experiment)

Fig. 3. Picture of yeasts with reaction for glycogen content using x400 magnification
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It was found that the dead cell count (Fig. 4) in
cultural medium containing alfalfa is lower than in
the control cultural medium at all stages of
cultivation. l.e. alfalfa contributes to yeast cells
reproduction, which unequivocally has a positive
effect for further application at a production scale. In

3.30%

11.30% 5.40%

7.90%

9.30%

a) Barm yeast (control)

our opinion this result is related to a sufficient
glycogen content even at the 72" hour of yeast
maturation, which gives the cells an opportunity to
rationally utilize all the necessary resources and to
maintain maximal duration of the life cycle.

1.70%

3.90%
24 9.20%

30

5.50%
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T, Toj 7.60%

b) Barm yeast (experiment)

Fig 4 (a, b) Change of dead cell count on different stages of yeast cultivation

5. Conclusions

Established the growth of biomass on a nutrient
medium with alfalfa was 12.2% more than in control
however, the number of dead cells was 2.1% less. It
is shown that alfalfa Medicaqo sativa, as a source of
nitrogen, has a positive effect on the growth and
development of yeast. This implies that this plant
has the advantage of over mineral sources of
nitrogen and to improve the sustainability of
production.
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Bnuius smronepuu nociBHoi Meticago sativa Ha JKMTTENIANBHICTD APiKIKIB Saccharomyces cerevisiae
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MeTa: yIOOCKOHaJIeHHS  OIOTEXHOJOTIYHMX  BJIACTHBOCTEH  XJIIOOMEKapChKUX  APDKIDKIB  CIIpHUSE
iHTeHcHdiKamii nponecie OpoAiHHS, 103piBaHHS HaMiBGaOPHUKATIB i, B OCTATOYHOMY MiJICYMKY, TTOJIMIICHHS
SIKOCT1 TOTOBOI mpoayKuii. ApiKIKi He 3aBXKIU 3al0BOJNBHSIOTH MPONOHOBAaHMM A0 HUX BUMOraMm. Tomy
JOCTIDKEHHsI CIIPSAMOBaHI Ha iHTEHCH}IKaIil0 OpOAMIBHOI aKTUBHOCTI 1 IMiIBHIIEHHSA SKOCTI IPIKIKIB €
akTyanbHuUMH. [IpobieMa MOCHIIKEHHS CTUMYJIOIOYOI il PEYOBHH PI3HOI MPUPOAM 1 MOXOMKEHHS Ha
PO3BHUTOK 1 SIKICTh IPiXIXKIB HE € HOBOW. OmuH i3 cmocobiB iHTeHcH(iKalii TEXHOJOTIYHOTO MpoLecy
BHPOOHUIITBA JIPIK/DKIB - Mi0Ip MMOKUBHOTO CEpeOBHUINA 32 PaXYHOK 3aMiHH MIHEPaJIBHOTO JDKEpEa a3o0Ty
Ha pociuHHe. MeToam: y Iii poOOTI Oyia mocCHipKeHa 3JaTHICTh APDKHKOBHX KIITHH CIIOXHUBATH
OpraHiYHHI a30T 3 POCIAMHHOIO JpKepelsa OiNKY, B SKOCTI TpaHyJl JIOLEPHH. 3aCTOCYBaHHS I[LOTO METOMY
JO3BOJIWJIO BUIUIMTH ONTHMAlbHI KOMIIOHEHTH >KUBHJIBHOTO CEpEelOBHIIA, HIO 3a0e3Meumsio APLKIKAM
TIOJTIMIIICHI TTOKAa3HUKU SAKOCTI. Pe3yabTaTH: JOCTIIKEHO BIUIMB JIIOIEPHH B SKOCTI JDKepela a30Ty Ha
KHUTTEISUTBHICTD APUKIDKIB S. cerevisiae. OOroBOpeHHs: T'paHYJIH JIIOLEPHA MOKHA BHKOPHCTOBYBATH B
MOKUBHOMY CEPEIOBHIII JJIsl KyJIbTHBYBaHHS 3aCiBHUX JPIKIDKIB y BUPOOHUYMX MaciuTadax.

Karouogi ciioBa: 6iomaca; mkepero a3oTy; IpiKIKI S. cerevisiae, MIOTIEpHA; TIO)KUBHE CEPEIOBHIIIE.

JL.P. Pemernsik', H.A. Kostomoen?, E.W. CemenoBa®

Bansaue sounepHnsl nmoceBHoOl Meticago sativa Ha KM3HeAesITeIbHOCTb [poxkeill Saccharomyces
cerevisiae

"“HammoHabHbI aBHALIMOHHBII yHUBEpCHTET, pocil. KocMonasTa Komaposa 1, Kues, Ykpauna, 03680
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Hean: ymydnieHue  OMOTEXHOJOTMYECKUX  CBOWCTB  XJICOOMEKAapHBIX  APOXOKEH  crmocoOCTByeT
WHTEHCU(HKALUHU TIPOLECCOB OPOXKEHHS, CO3peBaHus MOay(padpuKaToOB U, B KOHEYHOM UTOTe, YIy4LICHUIO
KadecTBa TOTOBOW MPOAYKIUHU. J[poxoKkM HE BCETAa YAOBICTBOPSIOT MPENbSIBISIEMBIM K HUM TPEOOBAHHSIM.
[losTomMy wuccrmenoBaHus, HalpaBIEHHBIE HAa WHTEHCHU(HUKAINIO OpPOTMIBHON aKTHBHOCTH W TOBBIIICHHE
Ka4yecTBa JAPO}OKEH, SBISIIOTCS aKTyalbHBIMU. [IpobieMa HCCIENOBaHUS CTHUMYJUPYIOIIETO JCUCTBUS
BEUIECTB Pa3IMYHON MPUPOJBI U MPOUCXOXKACHUS HA Pa3BUTHE M KAa4eCTBO APOXIKEH HE SBISETCS HOBOM.
OmuH W3 Croco0OB MHTEHCHU(HUKAIMH TEXHOJOTHYESCKOTO TIpOIlecca MPOM3BOJACTBA APOXOKEH - momdoop
MUTATENILHON CpeJibl 3a CUET 3aMEHbl MHHEPAIBHOTO UCTOYHHUKA a30Ta Ha pacTuTelabHoe. MeToabl: B JaHHOH
pabore Oplna uccleqoBaHAa CHOCOOHOCTH JAPOMOKEBBIX KIETOK MOTPEONATh OpPraHMYecKuil aszoT u3
PaCTHTENBHOTO UCTOYHHKA O€llka, B KauecTBE I'paHyJ JIOIEepHBL. [lprMeHeHune 3TOoro MeToja MO3BOIHIO
BBICTIUTh ONTHMAaJbHBIE KOMIIOHEHTHI MUTATENFHOW CPEObl, 4TO OOECIEUYHMIIO IPOXOKaM YIIydIIeHHBIS
KayeCTBCHHbIE IOKa3aTenu. Pe3yabTaThl: H3Y4YCHO BIHUSHHME JIOLEPHBI KaK MCTOYHMKA a30Ta Ha
KU3HEACATEIBHOCTh APOXKeH S. cerevisiae. QOCYy:KIeHHE: TPAHYIBI JIONEPHBI MOXHO HCIONB30BaTh B
MUTATETFHON Cpefie TS KyJIbTUBUPOBAHNUS 3aCEBHBIX IPOXOKEH B IPOM3BOICTBEHHBIX MACIITa0ax.

KuaroueBble ciioBa: buomacca; IpoxoKu S. cerevisiae, ICTOYHUK a30Ta;JIIOLCPHA; MUTATEIbHAS CPE/Ia.
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